It has been reported that mercury given to laying birds as alkoxy mercury compounds (1) or inorganic mercury (1, 2) was transported into ovarian follicles. In the previous report, Nishimura and Urakawa (3) have suggested that inorganic mercury given to laying quail probably binds to a serum protein which is biosynthesized in the liver in response to estrogens, and the bound mercury is transported to deposit in the ovarian follicles.
2 g of the yolk separated from fresh eggs was suspended in two volumes of distilled water and centrifuged at 3,000 r.p.m. for 60 min. The precipitate and supernatant fractions were named as a yolk granule fraction (YGF) and a water-soluble fraction (WSF), respectively.
Trichloroacetic acid precipitation of serum and yolk: Each of sera or yolk samples prepared as described above was suspended in two volumes of 15 % trichloroacetic acid (TCA) solution, stirred with great force for 20 min and centrifuged at 4,000 r.p.m. for 30 min. After the supernatant was decanted, the precipitate was resuspended in two volumes of 100/ o TCA solution, stirred for 20 min and centrifuged as described above.
A mixture of the first and second supernatant fractions was named as a trichloroacetic acid fraction (TCAF). The precipitate removed of the TCAF was washed three times with 10 ml of ethylalcohol-ether mixture (1 : 1 by vol.), twice with 10 ml of ethylalcohol and twice with 10 ml of ethylalcohol-ether mixture (1: 1 by vol.) to remove lipids. A combined extract of lipids fraction was named as an ethylalcohol-ether fraction (ETOH Eth F) and the precipitate remained was named as a precipitate fraction (PF).
Ultracentrifugation of serum and yolk: Laying quail and estrogenized male and un estrogenized male quail were administered with 203Hg(NO3).2. The serum obtained from each bird was ultracentrifuged (Hitachi 55p-2, Hitachi Seisakusho Co., Ltd., Tokyo) at 175,300 x g for 5 hr, then the 5 aliquots in equal volume of the content in the butyrate centrifuge tube were successively taken out by micropipette from upside to the bottom.
Each of the aliquots was named as fraction I-V respectively in the order of suction.
The yolk prepared from fresh egg as described above was divided into yolk plasma and yolk granules by ultracentrifugation at 100,000 x g for 3 hr without dilution (4). The yolk plasma was decanted carefully by the use of micropipette. Electrophoresis of serum and yolk : Serum in a volume of 2.4 /21 was placed on a cellu lose acetate strip (Jookoo Sangyo Co., Ltd., Tokyo) of 3 cm width and 5 cm length and electrophoresed in the veronal buffer at pH 8.6 (It =O.06) for 60 min at 0.6 mA per 1 cm width of the strip. After electrophoresis, the strip was divided longitudinally into two halves by scissors, one half was stained to detect proteins with Ponceau-3R stain (Jookoo Sangyo Co., Ltd., Tokyo), the other was stained to detect phosphorus by spraying 2.5 ammonium molybdate in 5 N sulfuric acid solution and then lighting with ultraviolet ray.
Soon after the staining the distribution of 203Hg on each strip was assayed by paper radio chromatogram scanner (Tokyo Atomic Co., Ltd., Tokyo).
YGF prepared from water suspension of yolk by centrifugation was added to two volumes of 10% sodium chloride solution and dialyzed against borate buffer at pH 8.6
(/2 0.1) for 24 hr at 4`C. Granular substances in the dialyzed cellulose tube were sedimented by the use of centrifuge to obtain clear supernatant. Proteins in the super natant were separated by electrophoretic technique using the borate buffer.
Successive dilution of yolk granules fraction in magnesium sulfate solution: The YGF was added 0.4 M magnesium sulfate and insoluble substances were discarded. The so lution of YGF in 0.4 M magnesium sulfate was diluted with distilled water to make step wise 0.2, 0.1, 0.05 and 0.025 M magnesium sulfate concentrations (5) . Four precipitate fractions obtained at each step of dilutions were saved, and the last supernatant fraction (SN) was assayed for determination of radiomercury. In another experiment, each of the four precipitates obtained by the successive dilution of YGF was added to an equal volume of l0°o sodium chloride solution, dialyzed against borate buffer pH 8.6 (fl= 0. l) for 24 hr at 4°C and electrophoresed to separate proteins. After staining protein and phosphorus, each of the cellulose acetate strips was autoradio graphed for detecting the location of radioactivity.
Incubation of yolk granules fraction with radiomercury in intro: Five grams of fresh yolk of quail's or hens' egg was suspended in two volumes of distilled water, stirred with great force for 20 mnin and centrifuged at 3,000 r.p.m. for 60 min. After discarding the supernatant, the precipitate was added to an equal volume of 10% sodium chloride so lution and insoluble substances were discarded. 2"H--labelled yolk granules was obtained by an incubation of the sodium chloride solution of YGF with 203Hg(NO3)2 for 5 hr at 4°C (2.5 /ig Hg/g wet wt of yolk granules, equivalent to 20 1iCi) and discarding insoluble substances. The labelled yolk granules were diluted 10-fold with distilled water and centrifuged at 3,000 r.p.m. for 60 min at about 4`C. To the resultant water-insoluble precipitate was added 0.4 M magnesium sulfate, diluted stepwise with distilled water, and proteins in each of the precipitate dialyzed against borate buffer and separated using the electrophoretic technique as described above. Determination of radiomercury: All samples were weighed and subjected to the de tection of radioactivity of gamma emitter by a well type scintillation detector (Tokyo Atomic Co., Ltd., Tokyo). The amount of radiomercury contained in each sample was expressed as a percentage to the dose administered. (NO,),. Large amounts of ""Hg in the whole serum were found with the estrogenized male and laying quail, while a much less amount was found with unestrogenized male quail. In all sera, the most of radiomercury was detected in the PF.
RESULTS

Distribution of 207 Hg in serum fractions
In the centrifugal experiments, the largest amount of ""Hg in the serum was determined in the V fraction, and less in the I to IV fractions ( Fig. 2 ). In the estrogenized male and laying quail, more than 60 % of radioactivity in the whole serum was distributed in the V fraction.
From the above results, it is suggested that "'Hg binds to the well-sedimenting protein(s) by ultracentrifugation in the serum of the laying quail and increases in the serum of the estrogenized male quail. data suggest the possibility that mercury binds to a protein which contains phosphorus and appears in the sera of the laying and the estrogenized male quail in response to estrogens.
Mode o/ existence of 2'' ' Hg in yolk
Yolks of the second to fourth egg laid after radiomercury injection were divided into TCAF, ETOH-Eth F and PF and the radioactivity in these fractions was determined (Fig.   4) . The amount of '-"'Hg in the yolk was the largest with the third egg among the three.
In all three eggs, most of the radioactivity was detected in the PF but little in the TCAF and the ETOH-Eth F.
Yolks of the second to sixth eggs laid after injection of radiomercury were divided into the WSF and the YGF, and radioactivity in the two fractions was detected (Fig. 5) .
In all of these eggs, most of the radioactivity in the yolk was detected in the YGF.
Four precipitate fractions from the YGF were prepared by the magnesium sulfate dilution technique, and the radioactivity in the fractions was assayed (Fig. 6) The distribution of radioactivity in two fractions, a yolk plasma (supernatant) and yolk granules (sediment), prepared from the yolk undiluted with water by ultracentrifugation was studied (Fig. 10) . In all of the second to fifth eggs laid after radiomercury admin istration, most of the radioactivity was found in the yolk granules. It has been reported 
DISCUSSION
Bound form of mercury in the serum From the present experiments, mercury in the sera of laying and estrogenized male quail appears to bind with a protein which had relatively little electrophoretic mobility, contains phosphorus, sediments well by ultracentrifugation and appears in the serum in response to estrogenic activity. Little mercury was detected in the ethylalcohol-ether extractable lipid fraction of the sera. Many studies have noted that a new protein complex appeared in blood plasma of laying birds (6, 7) and of estrogenized birds (8, 9) . The new protein complex consisted of phosphoprotein and lipoprotein (10, 11) was synthesized by liver in response to estrogens, then supplied to the ovarian follicles for construction the yolk proteins (12, 13) . It has also been reported that this serum protein complex is obtained by electrophoresis as a slow-moving protein fraction rich in phosphorus from serum of laying or estrogenized birds (8) and is suggested as a lipovitellin-phosvitinr-livetin complex (14) . This protein complex had been found in the yolk by Joubert and Cook (15) . From these and our data, it is probable that mercury bound firmly to the lipo vitell in-phosvitin-r-livetin complex, and the bound mercury was transported in the body.
Bound form of mercury in yolk
The chemical aspects of yolk proteins and lipids were reviewed by Gilbert (16) Earlier studies on the carrier proteins in the plasma were reviewed by Butler (17) .
One of the remarkable properties of many plasma proteins is their ability to combine se lectively with nutrients, metabolites, hormones, drugs and toxic substances. This enables them to transport these molecules from the sites of production or absorption to the tissue where they are utilized, stored, catabolized or excreted. Albumin was reported to have an affinity for calcium as well as anions in the plasma of the non-laying fowl (18) . It was also suggested that albumin is probably involved in the transportation of magnesium, copper and zinc in birds as well as man. Farvar and Cember (19) reported that mercury bound to albumin of the rat with in vitro experiments. Transferrin is known to bind with iron and to be responsible for its transport in the plasma to yolk in birds (20) . It is now clear that phosvitin which appeared in the plasma prior to the onset of lay or following adminis tration of estrogens and coincided with a great increase in the levels of calcium and iron in the plasma plays as important part in the transport of these metals, as well as phosphate to yolk (18, 21, 22) . Panic (22) reported that its affinity for iron is even greater than that of transferrin and it carries at least 50% of the iron present in the plasma of the laying hen.
It has been shown that lipoproteins carry fat-soluble vitamins and hormones and participate in the transport of calcium in the estrogenized cock and presumably in the laying hen as well (18) . Magnesium may also be carried (23) . It is known that there is a lipoprotein which is involved in the transport of selenium in chick plasma (24) .
Most inorganic elements in the yolk are known to exist in bound form with one or other of the yolk proteinsor phospholipids (16) . There is evidence that phosvitin has a high capacity for binding polyvalent metals, e.g. calcium (25) and iron (26) in the yolk as in the plasma. Tupper et al. (27) clarified that most zinc in the yolk appears to form a complex with lipovitellin.
From the above knowledge, it is presumed that, in the serum, mercury as well as zinc would bind to lipovitellin and calcium, iron and magnesium to phosvitin in the lipovitellin phosvitin-r-livetin complex synthesized in the liver by the action of estrogens and the protein-bound metals would be then transported via the circulation and deposited in the ovarian follicles.
SUMMARY
An investigation was undertaken on a transport mechanism of mercury into ovarian follicles, especially on a protein-bound carrying system, in laying quail. Sera and egg yolks from laying quail injected intravenously with 203Hg(NO3)2 were subjected to protein fractionation by means of ultracentrifugation and electrophoresis followed by the radio assay of 203Hg in the fractions. Mercury bound to a protein containing phosphorus in the sera of laying and estrogenized male quail as well as in the yolk. The protein bound with mercury in the yolk was pre sumed to be lipovitellin which is a constituent of lipovitell in-phosvitin-r-livetin complex by the magnesium sulfate dilution technique.
It is suggested that a substantial part of the mercury in the serum of laying quail binds to lipovitellin of the lipovitellin-phosvitin-r-livetin complex appears in the serum during the laying period, after which the bound-mercury is transported into ovarian follicles.
